The thermal conductivity of CBrnCl4−n,(n= 0,1,2) and 2-adamantanone (C10H14O) crystals which exhibit substitutional disorder has been measured for temperatures between 2 K and 150 K. Such temperatures comprise signatures of dynamical processes involving the site occupancy of the chlorine and bromine atoms for CBrnCl4−n,(n= 0,1,2) and the oxygen atom for (C10H14O), as it has been revealed by both, calorimetry and spectroscopic techniques. The data analysis is carried out in terms of several phonon scattering channels contributing to a resistive relaxation rate which can be represented by two contributions due to propagating phonons whose mean-free path exceeds half the phonon wavelength as well as a term attributed to localized short wavelength modes. The implications of the present findings for studies pertaining glassy dynamics are briefly discussed.
I. INTRODUCTION
Our current understanding of glassy behavior portraits it as that exhibited by dynamical processes taking place in whatever physical systems which are non-stationary on the time scales amenable to direct observation. Such processes are often encountered is systems which may explore a large number of metastable configurations [1] . Up to now, the behavior in question has been observed in very different systems, including granular materials or even non-physical systems such as traffic flow and models of biological evolution [2] . In addition, glassy systems seem to involve some sort of competing interactions which hinder the attainment of a stationary ground state. As a direct consequence, the system becomes trapped into long lived metastable states.
While the very concept of glassiness as well as the glass-transition have developed from studies on the canonical liquid→ glass transition, some of its characteristic features have also been found in other condensed matter systems. In fact, detailed theoretical consideration of molecular liquids [3] and some classes of molecular crystals [4] have enabled the establishment of some connections with theoretical results derived from several statistical mechanics approaches where glassiness appears in the dynamics of simple, idealized objects [2] . Such model * Electronic address: josep.lluis.tamarit@upc.edu systems show trivial, non-interacting, equilibrium behaviors but nonetheless, interesting slow dynamics features appear due to restrictions on the allowed transitions between configurations.
In the quest for simple systems exhibiting dynamical behaviors which may al least partially be understood by recourse to results obtained from idealized models, some disordered molecular crystals known as rotator-phase or plastic-crystals, exhibit fully developed glassy behavior. Moreover, thermodynamic signatures akin to those common to vitrifying liquids are shown at transitions between disordered crystal states where basically free-rotations are executed by molecules executing reorientations at the nodes of a crystal lattice and a frozen orientationally disordered crystal attained by cooling such rotator-phase crystal into a orientationally disordered (OD) state [5] . Furthermore, in some favorable cases [6] , a direct comparison between a theoretical prediction derived from a simple kinetic model for particle reorientations and experimental results for the onset of reorientational motions above T g have been achieved. Such studies lend further support to the view which sees the physical origin of glassy behavior as not necessarily linked to masstransport properties but rather to the arrest below some T g of any dynamical degree of freedom.
On the other hand, experiments on simpler crystalline solids such are the substitutional defective alkali halide−alkali-cyanide crystals such as (KBr) 1−x (KCN) x or (KCl) 1−x (KCN) x have been shown to exhibit most of the universal low-temperature properties of glasses such as a bump in the specific heat if plotted as C/T 3 or the appearance of a characteristic plateau in the thermal conductivity [7] . The interest in these systems stems from their role as models to study glassy phenomena which arises from the action of rotational degrees of freedom. These concern the effects of the barrier potential which arises from the interactions of the CN − molecular impurity with the surrounding alkali lattice. At temperatures above those corresponding to the barrier potential height, the CN − ions execute basically free rotations, whereas at lower temperatures the reorientational motion is hindered leading to the emergence of angular oscillations or librations. In turn, the librational ground state splits into tunneling levels due to the crystal potential enabling transitions between tunneling states which may scatter lattice phonons [8] as revealed by a double dip structure in the temperature dependence of the thermal conductivity [9] . Their origin is now understood on quantitative grounds by recourse to some models such as that developed in Ref. [10] which portrays the interactions of the CN − ions in terms of randomly placed elastic dipoles which strongly interact with the neighboring K atoms and leads to the appearance of harmonic excitations with terahertz frequencies which resonantly scatter heat-carrying phonons to produce the plateau in the thermal conductivity. Such excitations are in fact librations of the CN − moiety which show a well defined density of librational states [10] .
Motivated by the promising results found in studies on rotator-phase crystals as well as on the substituted alkali halides just mentioned above, we have previously carried out studies on the structure and dynamics of materials composed by tetrahedral molecules of general formula CBr n Cl 4−n , n= 0, 1, 2, as well as on a material composed by a rigid molecule, 2-adamanatanone (C 10 H 14 O). These compounds exhibit a series of solid-solid phase transitions with increasing temperature before melting which arise from rotational degrees of freedom which remain thermally activated within the crystalline state. In turn, cooling the room temperature liquids at moderate rates leads to rotationally disordered crystalline phases which show translational face-centered cubic or rhombohedral lattices with the center of mass of molecules sitting at the lattice nodes [11] . As far as the CBr n Cl 4−n materials are concerned, further cooling leads to a transformation into complex monoclinic, C2/c structures with Z = 32 molecules per unit cell and an asymmetric unit with Z ′ =4 [12] . The transition temperatures for materials here considered are 226 K, 238 K, and 259 K for CCl 4 , CCl 3 Br, and CCl 2 Br 2 , respectively. Molecular motions within such monoclinic crystals persist down to ≈ 90 K where a calorimetric transition [13] much alike that exhibited by the canonical glass-transition signals the transition into a orientationally disordered state where molecular reorientations cannot be detected with the available experimental means. The dynamics of such materials within these phases has been studied by means of dielectric spectroscopy and nuclear quadrupole resonance (NQR) [14, 15] spectroscopy. The former technique allows the measurement of the dynamic response within a broad time scale but it is insensitive to fine details of molecular motions, whereas the latter has a restricted time window but monitors the movement of individual chlorine atoms. Results derived from the concurrent use of NQR and molecular simulations show that large-angle rotations of tetrahedra about their higher symmetry axes (CCl 3 Br, and CCl 2 Br 2 with C 3v and C 2v point-group symmetries, respectively) lead to a statistical occupancy of 75% for Cl and 25% for Br atoms in the case of CCl 3 Br, and 50% for Cl and 50% for Br atoms for CCl 2 Br 2 . In addition, broadband spectroscopy carried out by means of dielectric relaxation [15] shows a main peak or α−relaxation, together with a shoulder in its high-frequency edge or (β−relaxation). The analysis of such data in conjunction with NQR results has shown that both relaxations correspond to the dynamics of three (α-relaxation) and one (β-relaxation) molecules within the asymmetric unit cell, which due to the nonequivalent molecular environments are forced to execute reorientational jumps on rather different time scales. In addition, the high temperature phase I of 2-adamantanone (C 10 H 14 O) is known to consist of molecules within a fcc lattice exhibiting reorientational motions of the dipolar axis (C 3 ) along the six fourfold (001) directions, while about the C=O axis the molecules can take two positions related by a π/2-rotation [16] . On cooling from phase I, an orientationally ordered phase II, monoclinic P2 1 /c with one molecule per asymmetric unit appears [17] . The most striking characteristic of this phase is the existence of statistical disorder concerning the occupancy of the oxygen atom along 3 different sites (occupancies are 50%, 25% and 25%). Such a disorder has been highlighted by means of dielectric spectroscopy revealing glass-like behavior with appearance of α-and β-relaxation processes identified with the strongly hindered reorientational motions within the long-range ordered crystalline lattice whereas the second one displays all the properties of an original Johari-Goldstein β-relaxation.
Previous experimental results indicate that the dynamics of these translationally-ordered phases which still show rotational or substitutional disorder, exhibit several features in common with glassy systems. Thus the question we want to address here is whether the lowtemperature thermal properties of these disordered crystal systems have some common features with those found for frozen OD systems [18] , that is, whether the temperature dependence of the thermal conductivity shows any of the signatures attributed to glassy dynamics. In other words, the rationale behind this is to test whether the presence of intrinsic disorder with respect to siteoccupancy well within the deeply frozen state may give rise to phenomenology akin to that known to be the most characteristic feature of amorphous systems.
II. EXPERIMENTAL
Samples of CCl 4 and CCl 3 Br were obtained from Across with purity better than 99% and used as such. CCl 2 Br 2 was purchased from from Aldrich with a stated purity of 98% and fractionally distilled. The sample of 2-adamantanone was purchased from Aldrich Chem. Co., Inc., with purity of 99% and used as received.The samples were prepared as polycrystals and as such have been characterized by diffraction [12] , dynamic measurements [14] and thermodynamic [13] means.
For the halogen compounds the explored temperature range was 2 K -150 K. Measurements were performed under equilibrium vapor pressure using the the steady-state method and the experimental setup described in Ref. [19] . The sample container was filled with liquid samples under 4 He gas flow. The thermal history followed in the present measurements started from the OD phase attaining crystallization into the low-temperature phase by cooling at ≈1 K min −1 . The thermal conductivity was then measured at gradually decreasing temperature from ca. 200 K down to 2 K. A heating cycle followed, increasing then the temperature up to 150 K for halogen compounds and up to 200 K for 2-adamantanone. The statistical error in the thermal conductivity coefficient was below 3% for the whole temperature range. A sample of 2-adamantanone cylindrical in shape was prepared in order to enable measurements using standard cryostat set-up for axial stationary heat flux method. The sample was obtained by mechanical pressing of powders with applied force of 2000 kg. Thermal conductivity measurements were carried out within the temperature range 4 K -200 K. The experiment was performed under high vacuum conditions. The sample underwent cooling from room temperature to 5 K at the rate of ≈3 K min −1 . The measurement of the thermal conductivity coefficient was performed every 5 K from 200 K to 5 K after conditions were stabilized. Particular care was taken to avoid heat transfer between the sample and the environment. The total measurement error ≈ 10%, mainly arises from systematic errors incurred in the measurement of geometrical parameters (e.g. the inner container cross section and spacing between thermometers).
III. DATA ANALYSIS AND RESULTS
The results from measurements of the thermal conductivity are displayed on Fig.1 in a double logarithmic scale. A glance to the figure shows that κ(T ) for CCl 4 exhibits a temperature dependence characteristic of ordered molecular crystals, although κ(T ) within the low-temperature range does not follow the behavior expected for ordered crystals, that is κ(T ) ∝ T 3 . In fact, our data for the four samples is best described by κ(T ) ∝ T m with an exponent m < 2. Data for CCl 4 shows a maximum at 5.6 K with a value of κ (T) max of 2.3 W m −1 K −1 . Similar behavior is observed for CCl 3 Br and CCl 2 Br 2 ,with max- . For polycrystal samples as ours, the appearance of such a maxima in κ(T ) is known to arise from an increase in density of thermally activated phonons which by means of the Umklapp-processes strongly limit the conductivity.
The best fit parameters describing the behavior of the conductivity below the maximum are shown in table I.
The most striking result from data listed in the table concerns the remarkably low value of the power which compares with findings in amorphous systems.
As mentioned above, most pure (i.e. free from imperfections) crystals show κ(T ) increasing as T 3 , reaching a maximum value. The conductivity is there limited by boundary scattering effects, that is, it becomes limited by the crystal size only, whereas other sources of phonon scattering are far smaller compared to that, especially at low temperatures. In contrast, point defects and/or dislocations as well as phonon collisions where the sum of the phonon wavevectors is changed by a reciprocal lattice vector (i.e. Umklapp-processes) provide frequency dependent phonon scattering channels which become more important as the temperature increases and gives rise to a decrease of the exponent in the T-dependence of κ(T ) for temperatures below the maximum and cause a shift of the maximum value of the conductivity towards higher temperatures. In fact, order of magnitude estimates [21] for the conductivity of crystals show that the contributions arising from phonon-defect scattering is inversely proportional to the temperature, whereas the contribution from Umklapp-processes should follow κ(T ) ∝ exp (Θ D )/T where Θ D stands for the Debye temperature. In consequence, the experimental quantities may show a complicated behavior resulting from the combined effects of several scattering mechanisms which cannot be easily predicted from the outset. On the other hand, a low temperature behavior following κ(T ) ∝ T m with the power somewhat smaller than two is known to be a characteristic exhibited by most amorphous dielectric solids [22] .
From data shown in Fig.1 it can also be seen that the increase in the number of Br atoms leads to a decrease of the maximal values for the conductivity as compared to CCl 4 . Substitution of Cl by Br atoms leads to an increase in molecular mass and on such grounds one would expect a decrease in conductivity with increasing substitution. A rough estimate of the mass effect yields κ ∝ M −1/2 . These results however contrast with previous studies on other materials which have shown that the increase in molecular mass decreases the rate of phonon scattering [23, 24] . The typical bell-like shape for κ(T ) for ordered phases in such a log-log plot is clearly observed and thus, after the maximum, κ(T ) decreases with temperature. As far as the 2-adamantanone compound is concerned, the conductivity shows common features with those measured for the ordered phases of cyclic molecules as cyclohexanol [25] .
Apart from a purely mass-effect, increasing the number of Br atoms from the CCl 4 , a molecule devoid of electric dipole moment but with a relatively large molecular quadrupole moment, to CCl 2 Br 2 leads to an increase in strength of electrostatic interactions due to the finite molecular dipole moments of the other the bromine substituted materials [26] . On such grounds one could expect that librating molecules of CCl 3 Br and CCl 2 Br 2 should experience a strong hindering of molecular motions which in turn leads to an increase in the interaction between molecular librations and crystal phonons.
For temperatures beyond the conductivity maximum the T −1 dependence of κ(T ) can be empirically parametrized as,
where, the A/T term could be assigned to phononphonon scattering (three-phonon Umklapp processes) and C comprises all other mechanisms leading to the expected deviation from the T −1 beyond the phonon maximum. The Fig.2 plots the experimental data for the three halogen materials and Fig.1 ). The half-filled circles show smoothed data taken from the literature for CCl4 [20] . The solid and dotted lines are fits according to Eq. [1] which yield the parameter values given in Table II . Table II. gions can be gauged for the Br-substituted samples and 2-adamantanone which manifest themselves as different slopes in the κ(T ) · T vs. T plots. In contrast, data for CCl 4 beyond the conductivity maximum roughly follows a linear trend. The temperatures dividing such two regions roughly correspond to those at which the statistical occupational disorder freezes in. In other words, the conductivity above some 90 K where molecular motions become thermally activated shows a somewhat different temperature dependence than that measured for lower temperatures. The values for parameters entering Eq.1 as well as the temperature ranges just referred to are given in Table II It is worth pointing out here the significant difference found between these materials and those plastic phases and alkali halides where rotational disorder involves the overall tumbling motion of the whole molecule. Here the site occupancies, that is the fractional occupancies for the low-temperature phases of CCl 3 Br, CCl 2 Br 2 and C 10 H 14 O are well defined quantities and thus motions within the higher temperature phase will take place between discrete molecular orientations.
The appearance of a well defined maximum in the conductivity calls for an analysis of its temperature dependence to be carried out following established routes for ordered molecular crystals. As it is well known, the conductivity of complex crystals [27] while following the same trend than that observed for simple solids, shows a temperature dependence above the maximum much weaker than T −1 which in some cases becomes temperature independent, thus sharing some similitude with the high temperature conductivity of amorphous materials. This results from the fact that at high temperatures the phonon mean free path l decreases down to a scale comparable to the unit cell dimensions so that heat is transported by activation or hopping of localized modes. To account for such effects we proceed on phenomenological grounds assuming that the measured quantity can be decomposed into a sum,
where the first term stands for propagating acoustic phonons having long relaxation times τ R (ω, T ) characteristic of resistive phonon scattering, whereas the second component, κ min (T ) , comprises all short wavelength phonons having relaxation times above a minimum value of the phonon relaxation time τ min = π/ω as specified by the Cahill-Pohl model of minimal conductivity [28] , the validity of which has been recently scrutinized by experimental means [29] . The contribution κ ph (T ) can in turn be modeled using the standard Debye-Peierls relaxation time model, that yields,
where x = ω/k B T , Θ D is the Debye temperature, c s is a sound velocity averaged over longitudinal and transverse polarizations and τ R (x) is an effective relaxation time for phonon scattering which comprises the different scattering phenomena participating and limiting the heat transfer. On the other hand, the minimal conductivity component κ min (T ) can be evaluated from the Cahill-Pohl model developed for the interpretation of the thermal conductivity of amorphous solids at high temperatures, and yields,
The above prediction tells that at high temperatures κ min (T ) should become temperature independent. To evaluate such a component we have made use of the pertinent values for the sound velocity and Debye temperatures which are compiled in Table III . The estimation of such a component shows that it is very small for temperatures below 10 K and it dominates the conductivity within the higher temperature range detailed in Table II . In fact, its value becomes comparable to the total conductivity once the limiting temperatures T g are crossed from below. Put into real numbers, at high temperatures κ min (T ) amounts an average value of the order of 0.2 W K −1 m −1 for the halogen compounds and about 0.5 W K −1 m −1 for adamantanone. On the other hand, and from rather simple considerations it may be seen that this component approaches the value of parameter C given by Eq. 1 at high temperature, where phonon-phonon scattering is the dominant mechanism.
The relative strength of the component κ ph (T ) accounting for the propagating acoustic phonons with longer relaxation times was estimated from the difference between the experimentally measured values of the total conductivity and the minimal conductivity component κ min (T ) and the results are plotted in Fig.4 .
The analysis of κ ph (T ) once isolated from the total conductivity has been carried out within the frame of the Debye-Peierls model given by Eq.3 as usually done for ordered crystals, assuming that the resistive relaxation time τ R (ω, T ) is the result of three main mechanisms. For relatively simple crystals such mechanisms would comprise anharmonic Umklapp processes, with relaxation time τ
U , a second term accounts for phonon scattering from crystal dislocations, τ −1 dis , and a third mechanism from Rayleigh scattering from point lattice defects or mass-differences τ −1 imp . All the three combine according to the Matthiesen rule, to yield the relaxation time as,
where the individual terms are given by,
corresponding to Umklapp processes,
for dislocations and
for impurity scattering.
In the above equations B stands for a frequency factor, E U for the activation energy of the Umklapp processes, D d is the scattering strength for the dislocations, and C imp is the parameter accounting for the strength of Rayleigh scattering of phonons by imperfections or by mass-difference scattering. Additional terms concerning strings from impurities having a frequency dependence τ −1 ∝ ω 3 have appeared in the literature [30] . We have however restricted the analysis to terms having the frequency and temperature dependences given by Eq.5 in For complex, defective crystals a clear cut separation between sound scattering phenomena leading to relaxation rates with different frequency dependences, seems to be beyond reach. In consequence the numerical values for the parameters entering Eqs.6 to 8 will most probably lump together several effects having similar frequency dependences. Further discussion on this is deferred to the discussion section.
The Table III compiles the results obtained from fits to experimental data carried out under the assumption of the combined model given by Eq.3 and Eqs. 5 to 8. The values of c s and θ D were obtained from the published specific-heat measurements [32] whereas molar volumes were obtained from references [11, 12] for CCl 4 , CCl 3 Br and CCl 2 Br 2 and from ref. [31] for C 10 H 14 O. The solid lines drawn in Fig.4 display the ability of the Debye-Peierls model to account for the phonon conductivity κ ph (T ) of the low temperature monoclinic phases of CCl 4−n Br n , n= 0,1,2 and C 10 H 14 O n compounds. The figure also highlights the agreement at high-temperature in which the T −1 law works.
The Table III lists the values for parameters entering the relaxation time τ R (ω, T ) −1 as well as the other quantities such as molar volume, sound velocity and Debye temperatures to enable the calculation of the phonon thermal conductivity. The most striking result concerns the strong increase of the C imp parameter for the CCl 4−n Br n , n= 0,1,2 series which shows roughly a tenfold increase with increased substitution of Br atoms. Finally, as far as the parameters characterizing the anharmonic Umklapp process are concerned, both the preexponential coefficient and the activation energies show closer values, account made of the statistical error involved.
IV. DISCUSSION

A. Some remarks on the analysis of the conductivity data
The data analysis procedure sketched above relies upon a separation of the measured conductivity κ(T ) given by Eq. 2 into a component pertaining heat transport processes mediated by phonons having a mean-free-path larger than the lattice parameter κ ph and a contribution κ min comprising processes mediated by random walks of thermal energy transported between molecules vibrating with random phases, which dominates heat transport at temperatures well above the conductivity maximum. Most crystals composed by molecules interacting via van der Waals interactions show that at melting the ratio κ ph /κ min ≃ 1.2 − 2 [34] a fact also witnessed by the current measurements.
In what follows we briefly discuss the physical relevance of parameters listed in III. In doing so we shall bear in mind that while the thermal conductivity tensor for a crystalline dielectric can be explicitly calculated from solution of the transport equation, this has only been achieved for substances much simpler that those here considered. The case of molecular crystals represents an additional complication since in addition to the lattice modes one has to deal with the molecular modes. For molecules composed by relatively light atoms which interact by mostly by means of van der Waals forces one may try a separation between molecular rigid-body and lattice motions. This will surely not be the case of the halomethane compounds which because of their heavier atom masses one needs to consider the full 15 modes. In addition, the large 32-molecule unit cells makes a full microscopic treatment beyond reach. Under such circumstances the best we can attempt is to follow the procedures customarily employed for simpler materials and discuss the physical meaning of the fitted parameters on semi-quantitative grounds at best.
The term which is characteristic of dislocations D d exhibits a large coefficient for 2-adamantanone which correlates well with structural crystallographic and microscopy findings [33] , as well as with our own experience in preparing such sample. In fact, since dislocations are non-equilibrium defects they would leave the crystal if conditions for it to relax are supplied (i.e. annealing or thermal cycling), which in fact happens with this particular sample.
The coefficient D d ∝ N d , should be directly proportional to the number of dislocations per unit area, a figure that is available for adamantane that yields some 10 7 -10 10 dislocations per cubic centimeter [35] which means that a fairly substantial portion of the molecules composing the crystal are somewhat distorted from its equilibrium position.
The fitted value for D d found for CCl 2 Br 2 comes close to one order of magnitude larger than that for CCl 4 suggesting the presence within the crystal of a large amount of dislocations. Although specific structural data pertaining this kind of crystal imperfections for the former material does not seem to be available, literature data reported for the latter compound shows that a fairly large number of vacancies (≈ 2% [36] ) is present at the triple point, a feature common to other organic plastic crystals, which will lead to dislocations, some of which may well survive after the phase transformation into the monoclinic crystal. As regards the other two halomethanes, up to the authors knowledge the dearth of pertinent data makes it difficult to rationalize our findings in terms of far larger density of dislocations for such compounds.
Lets now deal with findings pertaining impurity scattering. Such effects account for both differences in atomic masses between the atoms composing the molecules as well as the isotopic abundances. In general terms, C imp is given by [37] ,
where Ω stands for the unit cell volume andc 3 is defined by 3/c 3 =
s . The coefficient Γ md will in general comprise some statistic concerning the mass deviation of the impurity from that of the average atom, the sound velocity as well as combination of elastic constants in a way dependent upon the crystal symmetry. In short,
where it has been assumed that the dominant factor for the cases under consideration involves mass differences only since a term on 6γ∆d/d involving the Grüneisen parameter and the fractional change of the average distance ∆d/d upon introduction of the impurity could be safely disregarded.M is the average mass, f i the fraction of atoms having mass M i and ∆M i the mass difference of the individual atoms in the crystal with respect to the average mass. Data listed in III for the three halomethanes yield relative values of roughly 1: 6 :12 with increasing Br content and a rather small value of 0.2 for 2-adamantanone, that is roughly 0.04 times the coefficient for CCl 4 . In turn, the calculated values for Γ md for the three haloethanes yield, 0.62, 2.60 and 2.51 respectively and 8.2 for 2-adamantanone. Account made of the volume and sound velocity factors yields a proportions close to 1:13:19 for the halomethanes, and 12 for 2-adamantanone. The results here discussed thus suggest that the analysis procedure grasps some relevant details of heat transport in these materials at some semi-quantitative level. In particular,
• The dominant phonon scattering channel in the halomethanes concerns Rayleigh proceses due to the differences in atomic masses. This is rationalized account made of preliminary lattice dynamics results for CCl 4 [38] and 440 cm −1 together with less intense features. The calculation which compares favorably with preliminary experiments carried out using the MARI spectrometer at ISIS [39] tells that the lowest-lying molecular modes are strongly hybridized with those pertaining to lattice modes. Under such conditions atomic vibrations cannot be separated into those of intra-and intermolecular nature. Phonon scattering is thus sensitive to mass-differences between atoms composing a given molecule. The available recipes to calculate the strength of this scattering contribution reproduce the trend of values for C imp in a semi-quantitative way.
• The result for C imp for 2-adamantanone tells that there is a scant need for a term having a ω 4 dependence in Eq.8 to explain the conductivity of this material. Put into different words, the result tells that molecular motions within this sample can be considered as of rigid body kind, account made of the light atoms involved. In consequence, any relevant mass difference will have to regard the molecular mass instead of that of individual atoms.
• Scattering from lattice imperfections becomes dominant for 2-adamantanone, a fact that agrees with preliminary conductivity experiments that have shown that the material once frozen from the liquid contains a large number of defects which make the conductivity to attain significantly lower values than those here reported on as well as does not show the presence of a peak at 25 K. The results showing the crystal-like peak require the sample to undergo a specific thermal treatment to release some of those defects. As regards data pertaining D d for the three halomethane compounds we defer any further discussion until crystallography or microscopic data is available to judge whether or not such a different density of defects as predicted from analysis of the conductivity is borne out by direct measurement.
As a final remark, data concerning the anharmonic, Umklapp term does not allow to make any definite statement. A rough, order of magnitude estimate of the anharmonic terms, in particular of the third order anharmonic coefficients b i,j,k which govern the strength of such interactions can be provided in terms of average quantities such as the atomic massM , sound velocityv and intermolecular distanced [40] as,
An estimate was made using for the purpose the velocity of sound values listed in III, and settingd to the average distances between molecular centers-of-mass derived from diffraction data. [25, 41] .
B. Absence of characteristic glassy features
The results here reported on may, at a first glance, be at variance with the scenario postulated in the opening paragraphs. There, molecular rotational motions or rotational librations are assigned as the prime quantities to account for strong phonon scattering processes leading to a distinctive plateau in the thermal conductivity at intermediate temperatures.
Our motivation to carry out the measurements here reported on did stem from the dynamics and calorimetric results which evidenced behaviors similar to others exhibited by rotator-phase/orientationaly disordered crystals, including those regarding the well studied case of substituted alkali halides. As a matter of fact, the higher temperature phases of all the materials under scrutiny exhibit rotator phases which have been extensively investigated in the past by optical spectroscopic means [42] . Curiously enough, the Raman spectra of tetrahalides CX 4 , X= F,Cl,Br,I within their rotator phases show small differences with respect to those measured for the liquids [43] and in fact, the orientational correlation times if plotted versus reciprocal temperature shows no discontinuity at the liquid-plastic crystal phase transition which was understood as a result of similar short-range order existing in both phases. Molecular reorientations within the rotator-phase crystal thus seem to be pretty free and only limited by potential barriers arising from angle-dependent forces within the lattice. As referred to above, molecular motions still persist within the monoclinic phases down to a temperature signalled by a calorimetric anomaly. Since most data refer to the CBr n Cl 4−n derivatives we focus the discussion onto such samples. Combination of dielectric and NQR data show that above some 95 K, that is some 5 K above the calorimetric transition, the reorientational correlation times attain values within the range 0.01 s -10 s, and even at a given temperature, different sets of correlation times are found due to the presence of several dynamically inequivalent molecules within the unit cell. Such experimentally determined correlation times behave with temperature following an Arrhenius law and reach some 10 −9 s at the highest explored temperatures within the same crystal phase. Moreover, the dynamics data derived from the NQR measurements referred to above [14] , while identifying torsional librations as the motions responsible for spin-lattice relaxation, show very large activation energies (2382.4 cm −1 ) and also extremely large pre-exponential factors within the 10 −15 -10 −17 s range. The emergence of a plateau in the conductivity is, on the other hand understood, at least for the well studied case of (KBr) 1−x (KCN) x [10] , as a consequence of strong scattering of heat carrying phonons with frequency ω by librations on CN − ions so that ωτ ≃ 1. Such librations show a peaked density of states and display well defined features in the infrared spectrum [44] consistent with rotational transitions with frequencies given up to first order by,
where the first term stands for the rotational constant of the ion B r = h/8π 2 cI and, I for its moment of inertia within the vibrational ground state and D c is a lowestorder correction to account for the coupling to vibrations. The parameter values for this free-rotor model constants yield values for the rotational constants of B r ≈ 60 GHz, depending upon the chosen isotopes for C and N, while D c comes to be six orders of magnitude smaller. A dressed-rotor model which accounts for the elastic interactions with the rotating cyanide ion yields values significantly smaller for B r (within the range 14 GHz -25.5 GHz), depending upon the temperature, which anyhow will give transition frequencies well within the GHz range.
Lets consider the simplest case such is CCl 4 . Calculation of the rotational constant in the gaseous state comes close to the experimental value of B r ≈ 1.7 GHz. However, molecular interactions within the crystal are expected to largely decrease its value well below GHz values and in fact, dynamics data show that only at high temperatures, the characteristic reorientational times become comparable to those corresponding to lowest free rotor frequency F ω = 3.4 GHz. As the temperature decreases, motions become strongly hindered making rotational jumps far too infrequent to be effective as a strong phonon scattering mechanism. To see this, lets compare the experimentally determined frequencies (reciprocal of reorientational times) with the characteristic phonon frequency which could be roughly estimated by recourse to the dominant-phonon approximation that gives for the phonon wavelength [22] ,
and yields a frequency at temperatures about the maximum of κ(T ) of 540 GHz. Such value is thus orders of magnitude larger than those explored by spectroscopic means at temperatures within the measured range. In consequence, such figures thus rule out resonant scattering processes of GHz phonons by librational motions similar to those operative for the alkali halides. The same considerations apply for the Br-substituted compounds with heavier molecular masses and stronger intermolecular interactions. Put into different words, the change in the observed rotational excitations from whole molecule motions within the liquid and plastic phases to those within the monoclinic phases which are assigned as low-angle librations [45] can be related to changes of the effective potential experienced by a single molecule within the lattice. Within the plastic crystal the total potential can be regarded as soft if compared to the rotational constant of the molecule and consequently rotations are limited mostly due to the fluctuating part of the intermolecular potential. In contrast, the situation witnessed within the monoclinic phases tells that interactions mostly arise from strong, static forces having a strength far larger than B r . Account made of this, we consider motions for the CBr n Cl 4−n derivatives as strongly hindered by intermolecular interactions within the lattice thus being ineffective as a resonant scattering source for phonons. In absence of such strong scattering mechanism, one does not expect a plateau to develop as a result of the rest of phonon scattering processes, although the Rayleigh scattering term with its strong frequency dependence, could yield a plateau if its strength C imp were set some three orders of magnitude above the fitted value.
To end this section, it is worth recalling that a plateau in the thermal conductivity of crystalline materials containing impurities or isotopic mixtures has already been reported in the available literature. In fact, samples of para-H 2 containing minute amounts of a Ne impurity [46] , exhibit a noticeable plateau between 2 K and 5 K as also does a CH 4 -CD 4 solid solution. The appearance of such a glassy feature is there explained as arising from the enhancement of the interaction of rotations with crystal phonons since the rotational constant B r for CD 4 comes to be one half of that of CH 4 which amounts to 158 GHz. The authors of Ref. [47] attribute the appearance of the plateau to the disturbance of the molecular field due to the presence of CD 4 molecules which lead to an increase in strength of the phonon-libration coupling, thus lowering the thermal conductivity relative to pure crystals. In fact, the authors follow the same line of reasoning sketched in the introduction section where ground spin-rotational states of almost freely rotating molecules of CH 4 , which strongly interact with the acoustic field take there the role played by librations of cyanide ions in mixed alkali halides.
V. CONCLUSIONS
The results herein described show that the thermal conductivity of molecular crystals with substitutional disorder due to the different but well-defined probabilities of site occupancies, displays two distinct temperature regions the boundary of which roughly coincides with temperatures where dynamic and calorimetric sig-natures indicative of freezing or orientational jumps are located.
The analysis in detail of the experimental conductivity data is carried out at a phenomenological level, subtracting first an estimate due to a minimal conductivity, which becomes significant at high temperatures, particularly in case of 2-adamantanone.
The relative weights of terms employed to fit the phonon part of the conductivity can be rationalized on semiquantitative grounds and yield a significantly different scenario concerning heat transport in halomethanes and 2-adamantanone.
The absence of a distinctive plateau at intermediate temperature is understood as a consequence of a large mismatch between frequencies characteristic of heatcarrying phonons and those of possible reorientational or librational events.
